The well-known scalar photochromism phenomenon is a reversible phototransformation of chemical species between two forms having different absorption spectra. It is observed under the action of actinic light regardless of its polarization state. Unlike this in some high-efficient polarization-sensitive azopolymeric materials, we have observed a welldeveloped vector polyphotochromism which appears as a light-induced area with spectral selectivity for the linearly polarized probing beams. A sharp change in the transmission spectrum of the material have been observed when we placed an irradiated area of the sample between crossed polarizers, while the transmission spectrum of the sample remained practically unchanged in case of probing by unpolarized light. The effect has a purely vector nature, while the transmission spectrum of the exposed material essentially changes in case of observing between crossed polarizers and the change in the spectrum unambiguously depends on the energy exposure. A significant dependence of the kinetic of the vector polyphotochromism induction on the power density of linearly polarized actinic light (445 nm) is shown for probing beam of 635 nm. It is also shown that the kinetics of the effect depends on the photosensitive layer thickness and the concentration of the chromophore. The experiments were carried out for two synthesized side-chain azopolymers obtained as immobilized polar azo dyes on polymethylmethacrylate backbone. It is clearly shown a light-controlled spectral selectivity of the sample activated by the various doses of the stimulating radiation.
INTRODUCTION
As is well known scalar photochromism is a reversible phototransformation of a chemical structure between two forms having different absorption spectra. It is observed under the action of actinic light regardless of its polarization state. This property is widely used in science and engineering. This phenomenon is well studied and a large number of papers are devoted both to the study of this phenomenon and to its applications. [1] [2] [3] It is known that in conventional polarization-sensitive materials photoanisotropy is induced under the action of actinic polarized light. It reaches its maximum and then remains unchanged even after long exposure, remaining at a level of saturation, during which there is the maximum transmission of the probe beam ( Figure 1 , curve 1). [4] [5] [6] [7] [8] [9] [10] Unlike this in some high-efficient polarization-sensitive materials obtained by us, we have observed the anomalous kinetics of photoanisotropy induction after reaching its maximum value when material is exposed by actinic linearly polarized radiation and simultaneously is probed by monochromatic nonactinic linearly polarized light beam. [11] [12] [13] After reaching the maximum the intensity of the transmitted probing beam starts decreasing with radiant exposure of inducing light increasing and almost reaches zero for the given wavelength of the probing beam ( Figure 1 , curve 2). The intensity of the probing beam passing through the exposed material essentially depends on radiant exposure of the inducing light, on a wavelength of the probing beam and on the thickness of the emulsion layer. It was shown [11] [12] [13] that this phenomenon has the purely vector nature because the transmission of the material during probing by nonpolarized light is practically unchanged at different radiant exposures. However, an essential change in transmission was observed under probing the sample by linearly polarized nonactinic light. This phenomenon can be observed between crossed polarizers. It has been shown 11 that this phenomenon has an interference nature and it is related to the increase in path difference of the ordinary and extraordinary rays when the probing beam passes through the sample.
In this paper the results of the further investigation of this phenomenon in side-chain azopolymers are presented and the kinetic curves of transmission are shown, which were obtained for two wavelengths of probing beam (532 nm and 635 nm) and for different exposure with linearly polarized light, actinic for material under investigation (445 nm) and for different power densities of the inducing beam as well as on the photosensitive layer thickness. The mechanism of the phenomenon is discussed.
PHOTOMETRIC MEASUREMENTS
For quantitative description of anisotropy induced by polarized light the method of description photoinduced anisotropy is based on the characteristic which can be obtained by one measurement. This parameter was introduced and investigated in Ref. 14 and was called the effective anisotropy of the medium.
Let the anisotropic medium is described by the Jones matrix
Here 1 n and 2 n are complex refractive indexes of the medium, d is the thickness of the medium,
, λ is a wavelenghth of the inducing light.
The module of the anisotropic invariant of the matrix (1), which was called effective photoanisotropy of the medium, is presented as
where ( ) ( ) ( ) [ ] From (2) we can see that the value of effective anisotropy is defined by joint contribution of anisotropic characteristics of the material (birefringence and anisotropy of absorption) and its transmission. The analysis of the expression (2) shows that with the growth of n Δ and ( ) τ n Δ a multiplier in brackets taking into account the summary contribution of birefringence and anisotropic absorption. This parameter allows different light-sensitive materials to be described and to be compared by a simple way.
If probing is carried out by the light beam with a wavelength outside the absorption band then we obtain from (2) [ ]
It follows from (3) For the experimental measurement of effective anisotropy in 14 it was shown that eff A is equal to the transmission of anisotropic medium placed between crossed polarizers at an angle between the axis of anisotropy and the axis of one of the polarizers equal to 45 0 and it is measured in units of intensity. But it is convenient to measure this value in the experiment in % relative to the transmission of the unradiated sample placed between parallel polarizers.
To study the properties of the polarization-sensitive materials and kinetic of photoanisotropy induction in them under the action of polarized actinic light, we used the laboratory photometric set-up, the optical scheme of which is shown in Figure 2 . In the experimental scheme we used DPSS laser emitting the light with a wavelength of 445 nm which is actinic for all the researched materials as they have a reasonable spectral absorption on that wavelength to induce the essential phototransformation of the azodye chromophore component molecules. As a probing beam we used laser at a wavelength of 532 nm and 635 nm.
A linearly polarized actinic laser beam induced the photoanisotropy in the investigated samples and then was blocked behind the sample by an appropriate filter. Simultaneously the probing beam passed the sample through the photoactivated area. This beam is linearly polarized at an angle of 45 degrees to the polarization of the inducing beam. The analyzer is oriented orthogonally to the polarization of the probing beam. In case of the absence of photoanisotropy (if the sample is isotropic) the probing beam did not pass through the analyzer. In case of optical anisotropy induction, the axis of which corresponds to the direction of the polarization vector of the inducing beam (that is, makes 45 degrees with the polarization vector of the probing beam) some portion of the intensity of the probing beam passes through the analyzer and this intensity unambiguously depends on the value of inducing photoanisotropy. Note that both the wavelengths of probing (532 and 635 nm) are far away from the absorption band of the polarization-sensitivity material. In this case linear birefringence has a major role and dichroism can be neglected. A reached nearly zero at high exposures. Thus, we have supposed that this phenomenon is related to the interference quenching of probing beam, which occurs as a result of the path difference between the ordinary and extraordinary rays when the probing beam passes through the exposed sample. 11 The value of the path difference depends on the photoelastic coefficient of the material and the thickness of the photosensitive layer for given exposure. As a result of the selective absorption of a quantum of inducing linearly polarized light the chromophore molecule undergoes trans-cis isomerization, which in turn leads to the appearance of ordered microstrains in polymer matrix of the material. And since the polymer matrix possesses photoelasticity, then the ordered microstrains result in macroscopically observed photoanisotropy. When reach a certain level of photoanisotropy for which the birefringence coefficient n Δ reaches such magnitude that the path difference of the ordinary and extraordinary rays of the probing beam equals to half of the wavelength of this beam, in this case the transmission of the probing beam for given wavelength will be maximum. A further increase in exposure leads to increase in n Δ and, accordingly, to increase in the path difference, which in turn results in interference quenching and in case the path difference is equals to wavelength the probing beam is totally quenched. 11 It must be emphasized that in this case the value of photoanisotropy is actually increased although the intensity of the probing beam is reduced.
VECTOR POLYPHOTOCHROMISM
In the process of the investigation the properties of high-efficient polarization-sensitive materials, we have observed the unusual course of the kinetic curve of the probing beam transmission intensity change ( Figure 1 , curve 2) in some materials during an exposure them by linearly polarized actinic radiation and simultaneous probing by monochromatic nonactinic linearly polarized light beams. The result of an interaction of light with the observed materials depends on the probing light wavelength and on the actinic light exposure rate. The preliminary results of the investigation of this phenomenon were already presented. [11] [12] [13] In Ref. [12, 13] we used the high-efficient polarization-sensitive material which is a solid solution by its compositions based on MPY-NH 4 In our recently conducted study, we identified several conditions enhance the described light-induced effect, one of the most influential which turned out to be obvious is the degree of a mutual integration of the material component molecules. 12 To increase the level of integration of the material components on the molecular level we have synthesized a side-chain type azopolymers, 16, 17 The thickness of the investigated material samples as well as their optical density was the same. For comparison, in the bottom of Figure 6 there are the kinetic curves of the transmission for solid solutions in methylmethacrylate (without covalent bonds) with the same optical density of actinic light as in said-chain azopolymers. It is seen from Figure 6 that the covalent bond obviously increases the level and speed of achievement high values of photoanisotropy which subsequently results in appearing the vector polyphotochromism effect. In addition, the thickness of the samples has a significant impact on the path difference between the ordinary and extraordinary rays and as a result on the appearance of this effect. The results of the investigation of dependence on the thickness were shown in Ref. [13] .
The curves of changes in the probing beam intensity when it passes through the sample are found to have a different shape in case of probing beams with different wavelengths. Figure 7 shows the kinetic curves of transmission obtained by means of photometric set-up (Fig. 2) and the corresponding values of birefringence n Δ induced in the samples of MY-26/GEL and Material-2 obtained by probing beam with wavelengths of 635 nm and 532 nm. The inducing radiation with a wavelength of 445 nm and a power density of about 750 mW⁄cm 2 have been used. As can be seen from the curves on Fig. 7 , the value of induced photoanisotropy and rate of its rise increases significantly with increasing mutual integration of the polarization-sensitive material's components. For materials with the strongest integration, in the side-chain azopolymers with covalent bonds between the chromophore and polymer matrix molecules the third order of interference of the probing beam is observed in the kinetic of transmission. In this case the maximum value of the induced birefringence reaches 0.162 for the Material-2.
CONCLUSIONS
We have carried out the further investigation of the phenomenon of vector polyphotochromism. It was shown that the kinetics of the effect depends on the degree of integration of the component of the polarization-sensitive material and the value of induced photoanisotropy and rate of its rise increases significantly with increasing the mutual integration of the polarization-sensitive material components.
Vector polyphotochromism observed in materials in which at least a second order of interference of the ordinary and extraordinary rays is achieved (the path difference is more than λ /2), and respectively Δn is more than 0.04. In materials with the strongest integration, in the side-chain azopolymers with covalent bonds between the molecules of the chromophore and the polymer matrix the third order of interference of the probing beam is observed in the transmission kinetics and thus the maximum value of the induced birefringence reaches 0.162.
Vector polyphotochromic effect may be used for creating the spectrally selective dynamic polarization holographic gratings, indicators and displays based on a new physical principle, and also for creating spatial light modulators and dynamic polarization spectral filters controlled by light. Such dynamic gratings in turn can be used in wavelengthdivision multiplexing (WDM) technology for all-optical switches, as well as for creating light-controlled spectral valves.
